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ABSTRACT
The thoracic pedicle is generally cylindrical with various indentations on its surface that may introduce an error
in measurements, thus making the measurements unreliable. One hundred and eighty thoracic pedicle diameter
measurements were carried out in five cadaveric human thoracic spine specimens, using a Vernier caliper.
Coefficient of variation (CV) was used to evaluate the variation in measurements within and between pedicles.
Linear regression model was used to evaluate the relationship between the variation in measurements and the
average diameter of the bone per cadaver. The largest standard deviations in the five specimens were found at
T2, T3, T6 and T12 levels. The least standard deviations were found at T1, T7, T9, T10 and T11. Four specimens
demonstrated a negative linear relationship between the coefficient of variation and the average transverse
diameter of the pedicle. This relationship was significant (p<0.05) in two specimens. Vernier caliper
measurements tend to be less reliable as the thoracic pedicle transverse diameter decreases. Caution is required
when measuring the thoracic pedicle transverse diameter in the narrower mid-thoracic area of the spine with

Vernier calipers.
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INTRODUCTION
The outer transverse diameter of the thoracic and on axial CT scan images axial using the inbuilt
pedicle has been documented in various studies software measurement ruler.
(Berry et al, 1987; Zindrick et al, 1987; Krag et al,
1988; Hou et al, 1993; Heller et al, 1999; Datir and The authors of this article noticed that the described
Mitra 2004; Christodoulou et al, 2005; Liau et al, shape of the thoracic pedicle is generally cylindrical
2006; Choi et al, 2009; Kim et al, 2009; Kretzer et with irregularity of the surface, which was more
al, 2011; Roop et al, 2011; Bunmaprasert et al, marked in some vertebrae more than others (Scoles
2014; Yu et al, 2014; Yu et al, 2015). This et al, 1988). This may interfere with the reliability of
measurement can be done at the anterior end, at the measurements. Consequently, this study sought
the middle and at the posterior end of the pedicle to determine the reliability of measurement of the
(Gangadhara, 2013). The most frequently measured outer transverse diameter at the isthmus of the
site is the isthmus of the pediclebecause it thoracic pedicle using a Vernier caliper by evaluating
determines the size of pedicle screw that can be the differences in repeated transverse diameter
used in spine fixation surgery (McLain et al, 2002). measures of different thoracic spine pedicle
Measurements can be performed on cadaveric specimens.
thoracic vertebral specimens using Vernier calipers;

METHODOLOGY
One hundred individual cadaveric thoracic spine require a total of 75minutes to complete measuring.
specimens of Kenyan descent were available at the This period was perceived as not being too long to
National Museum of Kenya for this study. It was tire the investigator since too prolonged a period
noted that it took S5minutes to carry out the would interfere with concentration. The five thoracic
measurements in one thoracic spine specimen. Since spine specimens were chosen by systematic
each pedicle needed to be measured at least twice, sampling of every 20" specimen. For each of these
three repeat measurements were chosen. That individual thoracic spine specimens, the outer
would require 15minutes per thoracic spine transverse diameter at the isthmus of the right
specimen. Five thoracic spine specimens would pedicle of each thoracic vertebra was measured
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three times. The specimens were numbered from 1
to 5. The order of individual thoracic spine specimen
measurement was determined randomly by use of a
box from which the numbers 1 to 5 were drawn by
the co-investigator. The first author then
sequentially measured the right pedicle of the first
thoracic vertebrae down to the twelfth thoracic
vertebra, using the same Vernier caliper. The
measurements were recorded to the nearest 0.1mm.
The same measurements were done for the other
specimens until all five were complete. The
procedure of randomization was done again and the
specimens re-measured.

Figure 1: Anterior pedicle measurement
technique

Analysis of coefficient of variation (CV) was used as
criterion to measure the reliability of the
multiple/repeat measurements. The randomness in
the variation of the CV was graphically assessed by
plotting against the average pedicle diameter and
linear regression model was fitted to evaluate the
relationship between the variation in measurements
and the transverse diameter of the thoracic.
Significance of the model was used to ascertain the
impact of the measurement protocol on the variation
of the different measure obtained.

Figure 2: Posterior pedicle measurement
technique

RESULTS

The narrowest pedicles in the thoracic spine were
found at T4, T5 or T6; while the widest were found
atT10, T11l or T12. Table 1 below shows the average
diameters and standard deviations (SD) calculated
from the three measurements for each pedicle from
the five cadavers. Generally, the SD was higher for
narrower pedicles compared to wider pedicles.

For measurements to be considered reliable, the
errors should follow a normal distribution with a
mean zero and a defined standard deviation and
should be independent of the covariates. Since
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there’s no defined standard deviation for the
population of bones in this study, reliability of the
measurements was evaluated by checking if the
variation in measurements was due to chance.
Figure 3 below demonstrates a linear relationship
(negative) between the variations (CV) in the
cadaver bone measurements and the average
diameter of the thoracic pedicle in specimens 1 to 4.
Therefore, the magnitude of error in measurements
obtained decreased with increase in the average
diameter of the bone being measured.
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Figure 3: Distribution of measurement errors (CV) versus average pedicle diameter
Coefficient of variation versus average diameter of thoracic pedicle
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In figure 4 below, the distribution of the coefficient
of variation (CV) was more spread in spine
specimens 1 and 4 compared to spine specimens 2,
3 and 5. Outliers were noted in spine specimen 2, 4
and 5.

A linear regression model was fit to evaluate the
relationship between the variation in measurements
and the transverse diameter of the thoracic pedicle

measured at the isthmus (Table 2). The model
showed that the variations in measurements were
significantly associated with the average diameter of
the bones for cadavers 1 and 4. This significant
association between the variation of measurement
errors and average diameter of cadavers 1 and 4 can
be due to the extreme CV values observed in Figure
3.

Figure 4: Distribution of measurement errors (CV) by cadaver
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Table 1: Summary statistics for thoracic pedicle transverse diameter measurements

Cadaver 1 Cadaver 2

Bone Mean (SD) Mean (SD)
T1 7.37(0.06) 7.53(0.15)
T2 4.47(0.29) 6.53(0.21)
T3 3.83(0.71) 4.53(0.15)
T4 2.93(0.15) 4.30(0.46)
T5 2.77(0.25) 3.60(0.17)
T6 2.23(0.21) 5.37(0.59)
T7 3.97(0.15) 5.63(0.21)
T8 4.53(0.38) 6.03(0.15)
T9 5.60(0.20) 5.90(0.10)
T10 5.90(0.00) 6.13(0.29)
T11 6.40(0.10) 7.07(0.15)
T12 9.10(0.20) 7.63(0.15)

Cadaver 3 Cadaver 4 Cadaver 5
Mean (SD) Mean (SD) Mean (SD)
5.20(0.26) 9.60(0.1) 9.00(0.00)
4.50(0.35) 6.03(0.21) 6.87(0.06)
3.83(0.15) 4.50(0.1) 5.70(0.10)
3.77(0.15) 4.10(0.2) 5.53(0.06)
3.60(0.26) 4.80(0.36) 7.03(0.12)
4.30(0.10) 3.57(0.90) 7.10(0.20)
4.63(0.06) 7.43(0.15) 7.43(0.25)
4.20(0.20) 7.37(0.74) 7.87(0.31)
4.07(0.12) 6.73(0.06) 7.90(0.10)
5.23(0.29) 8.33(0.12) 11.33(0.59)
8.13(0.15) 10.20(0.00) 10.67(0.15)
7.33(0.15) 10.57(0.15) 7.90(0.70)

Table 2: Relationship between CV and transverse diameter of pedicle per cadaver

Cadaver Coefficient P-value

One -1.532 0.037

Two -1.394 0.063

Three -0.641 0.158

Four -1.685 0.048

Five 0.307 0.489
DISCUSSION

The most accurate method of determining pedicle
diameter in human cadaveric spine specimens is
direct manual measurement with Vernier calipers
(Scoles et al, 1988). Panjabi et a/ (1991) used the
3D morphometer which gave larger pedicle
measurements than those demonstrated in manual
and computer tomography bringing to question the
validity of the measurements. Computed
tomography measurements are influenced by the
position of the axial cut made which can be variable.
To allay this problem authors have used 3D
reconstruction or picked the best image that projects
the pedicles in full (Kim et a/, 2009). The authors of
the current study were concerned that the size of
the pedicle influenced the accuracy of the
measurements.The reliability of this method, to the
authors’ best knowledge, has not been documented.
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The various specimens were not homogeneous since
specimen five possessed relatively larger specimens
per level. In-spite of this, the current study
confirmed the findings of previous authors that
demonstrated that the widest thoracic pedicles are
located at the cranial and caudal ends of the thoracic
spine, while the mid-thoracic area houses the
narrowest pedicles(Berry et a/, 1987; Zindrick et ai,
1987; Krag et al, 1988; Hou et a/, 1993; Heller et
al, 1999; Datir and Mitra 2004; Christodoulou et aj,
2005; Liau et a/, 2006; Choi et af, 2009; Kim et al,
2009; Kretzer et al, 2011; Roop et al, 2011;
Bunmaprasert et al, 2014; Yu et a/, 2014; Yu et al,
2015).

The variance was generally larger in the smaller
pedicles. This error is systematic and may be
observer-related rather than a weakness of the
digital caliper itself; suggesting that the smaller
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pedicle measurement is harder to replicate on repeat
measurement. It is unlikely to have arisen because
of fatigue or loss of concentration because the
number of specimens was limited to five.

The number of specimens was small in this study
raising the issue of generalizability of the findings.
This needed to be balanced against the possibility of
fatigue which potentially causes errors in
measurement. The current study demonstrates the
negative linear relationship between the coefficient
of variation and pedicle diameter in the narrower
pedicles. The threshold below which this effect
occurs is undetermined. There is also no other
known tool to the authors knowledge that could
make the readings more accurate. It only suffices for
investigators to exercise more caution during

measurements of the smaller pedicles. The authors
are not able to recommend the exact methodology
of this caution; presenting an avenue for further
study.

In conclusion, the results demonstrate that
variations in measurements tend to increase when
the pedicle being measured is narrow and this error
is not random. Therefore, Vernier caliper
measurements tend to be less reliable as the
thoracic pedicle transverse diameter decreases. The
mid-thoracic spine region houses the narrowest
pedicles and therefore caution needs to be exercised
when measuring the transverse diameter with
Vernier calipers in this area. Alternative nouveau
methods need to be considered.
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